Residents in many developing countries store treated drinking water in tanks or reservoirs because of intermittent and infrequent water supplies. Many studies have focused on bacterial contamination of domestic reservoir waters, the cyanobacterial and algal contamination is largely unexplored.
INTRODUCTION
In developing countries, the intermittent and infrequent water supply necessitates the need to store water in tanks or reservoirs for drinking and other purposes (Chia et al. ) . In Egypt, most of these reservoirs are found above buildings and houses and may therefore be exposed to microbial contamination by receiving contaminated water from drinking water treatment plants or through wind carrying the spores and akinetes of microorganisms, which may germinate and grow under suitable conditions (Codony et al. ) . However, the latter contamination source is less important as it occurs only when the reservoirs are left open, and this can be easily manipulated and overcome.
The breakthrough of microorganisms into storage reservoirs from drinking water treatment plants is of particular concern, as it indicates the ineffectiveness of conventional treatment methods for microbial removal. Cyanobacteria are one of the pathogenic agents recognized in water (WHO ). The presence of cyanobacterial cells in drinking water reservoirs is of particular concern for human health, due to the ability of some species to produce taste and odorous substances and potent cyanotoxins including neurotoxins, hepatotoxins and skin irritant toxins (Codd et al. ) . Cyanotoxins are produced by both freshwater and marine cyanobacteria (Mohamed & Al-Shehri ) .
Microcystins (MCs) are the most common cyanobacterial hepatotoxins in freshwaters worldwide with increasing health implications, and hence the World Health Organization (WHO ) has established a provisional guideline limit in drinking water of 1 μg L -1 for the most toxic variant, MC-LR. MCs damage the liver through altering the cytoskeletal architecture of the hepatocytes (Humpage & Falconer ; Metcalf & Codd ) . They have also been reported as tumor promoters in liver and colon (Ito Mohamed & Al Shehri ).
The present study was therefore undertaken to evaluate treated-water storage reservoirs in Egypt as an example, for the presence of cyanobacteria and MC toxins. The study also aimed to define the contamination source of these reservoirs with such pathogenic agents. Furthermore, the study aimed to follow the growth of cyanobacteria in these reservoirs along one year, to confirm their proliferation under storage conditions.
MATERIALS AND METHODS

Sampling
Water samples were collected from six different domestic reservoirs (DR) receiving their water from Damietta treatment plant, Damietta city, Egypt. These reservoirs are cylindrical and made of polyethylene with a height of 273 cm and diameter of 216 cm. The reservoirs are untightly covered, leaving a gap between the reservoir and its lid. They also have valves fitted at the outlet of water reservoir (i.e. breathing outlets) that allow the reservoir water to breathe.
The water in these reservoirs has a detention time exceeding 3 or 4 weeks. Water samples were collected monthly during the period January-December 2013 using 1 L sterilized glass bottles at 20 cm depth and at the surface of the reservoirs.
Each water sample was an integrated sample collected randomly from three different sites in the reservoir. Samples for physico-chemical analysis were filtered through Whatman GF/C fiberglass filters and kept in the freezer until use.
Samples for phytoplankton analysis were preserved in Lugol's iodine solution. Water samples for toxin and bacteriological analysis were also collected from reservoir waters by the same method stated above.
Physico-chemical characteristics of reservoir waters
Water temperature, pH, dissolved oxygen (DO), and electric conductivity (EC) were measured in situ using a multi-parametric probe (HI 991300 pH/EC/TDS/Temperature, HANNA, Italy). Ammonia, nitrite, nitrate, reactive (Ortho) phosphate, and dissolved organic carbon (DOC) were determined in filtered water samples, while total nitrogen (TN) and total phosphorus (TP) were determined in unfiltered water samples in the laboratory using standard methods according to APHA (). 
Phytoplankton analysis
Analysis of MCs
To determine intracellular and extracellular MCs in reservoir waters, subsamples (500 mL) were filtered through GF/C filters (Whatman, UK) to separate phytoplankton cells. The filtrate was stored in the freezer for the analysis of extracellular (dissolved) MCs. The filters with trapped cells were extracted twice in 80% methanol and centrifuged at 10,000 × g for 10 min. The supernatants were pooled together, and the organic solvent was blown with sterilized air. The aqueous fraction remaining after removing organic solvent was filtered through GF/C filters and kept in the 
RESULTS
Physico-chemical characteristics of domestic reservoir waters
Physico-chemical parameters of domestic reservoir waters are presented in Table 1 . During the sampling period, water temperature varied significantly (P < 0.05) with the maximum value (32 W C) obtained in July and minimum value (17 W C) in January. The domestic reservoir waters were slightly alkaline (7.8-8.3). No significant difference in DO was observed during the study period (P > 0.05). EC, biological oxygen demand (BOD) and DOC showed marked and significant variation between study months in all domestic water reservoirs (P > 0.05). Nutrient concentrations, particularly, nitrogen and phosphorus, in domestic reservoir waters changed significantly along the study period (P < 0.05). NH 4 concentrations were very low (0.01-0.05 mg L -1 ) in DR, and NO 2 was not detectable during the whole study period. On the other hand, NO 3 (0.18-0.31 mg L -1 ) and Total-N (0.5-0.9 mg L -1 ) concentrations were considerably high in all domestic reservoir water (Table 1) . Soluble PO 4 concentrations were very low (1-8 μg L -1 ) in all DR, but total phosphorus concentrations were high (0.5-0.82 mg/L). Additionally, total nitrogen to total phosphorus (TN/TP) ratios were low (0.8-2.1) and varied markedly during the study period (P < 0.05). Iron concentrations were detected at very low concentrations (1-10 μg L -1 ) in domestic reservoir waters (Table 1) .
It is noticed in the present study that all physico-chemical parameters did not differ significantly (P > 0.05) among different DR surveyed. Therefore, the data of these parameters were presented as a range of values, not for each reservoir.
Cyanobacteria and MCs in DR
Phytoplankton community in domestic reservoir waters consisted only of three groups including cyanobacteria, green algae and diatoms. The dominance of these algae varied seasonally, whereby green algae dominated the community during winter months, and cyanobacteria dominated during warm months (April-September 2013). Cyanobacterial species in DR consisted of two species only, namely, M. aeruginosa and G. sanguinea (Table 2) . However, M. aeruginosa was found in high numbers (4.6-5.5 × 10 6 cells L -1 ) constituting the largest proportion (>95%) of cyanobacterial population in these reservoirs along the study period. The showed that all these reservoirs contained intracellular MCs at concentrations ranging from 3.5 to 40 μg L -1 (Figure 1 ).
These concentrations varied significantly among the different DO (mg L À1 ) 8.8-8.9 8.9-9 9 -9.1 9-9.3 9.5-9.8 8.5-8.8 8.7-8.9 8.8-8.9 9-9.3 8.6-8.9 9-9.3 8.4-8.8 TN (mg L À1 ) 0.8-1 0.8-0.9 0.8-0.9 0.7-0.8 0.7-0.8 0.7-0.9 0.7-0.9 0.7-0.8 0.5-0.7 0.6-0.7 0.7-0.8 0.7-0.9 TN/TP ratio 1.6-2.4 1.7-2.1 1.8-2.2 0.9-1.1 1.7-2 1.3-1.6 1.1-1.3 1.3-1.5 0.8-1 1 -1.4 1.1-1.5 1.3-1.6
These parameters did not significantly vary among six DR studied (P > 0.05). Therefore, the data are presented as a range of values, not for each reservoir. reservoirs during the study period, and are associated with the cell density of M. aeruginosa (r ¼ 0.6). The lowest concentration was recorded in April, and the highest was in August and September (Figure 1) . Extracellular (dissolved)
MCs were also detected in the cell-free water of all DR at high concentrations (1-7.6 μg L -1 ) (Figure 2 0.7) . However, HPC values did not significantly vary between the months of a season (P > 0.05). Therefore, the data of HPC were presented per season (Table 3 ). The highest HPC was obtained during summer months (105 CFU mL -1 ), and the lowest was in spring months (41 CFU mL -1 ).
DISCUSSION
The The presence of M. aeruginosa in these reservoirs with high cell numbers (4.6-5.5 × 10 6 cells L -1 ) exceeding the WHO limit (2,000 cells mL -1 ) could represent a risk to the 
CONCLUSIONS
Our results indicate that domestic reservoir waters in Damietta (Egypt) are contaminated with toxic cyanobacteria.
The contamination source is most likely the finished treated water received from the relevant treatment plant. The environmental conditions in these reservoirs favored the proliferation of toxic M. aeruginosa, with highest cell density obtained during warm months. Both intracellular and extracellular MCs were also detected in reservoir waters at concentrations exceeding the WHO guideline limit for these toxins in drinking water. The presence of cyanobacteria and MCs in domestic water storage reservoirs deteriorates the water quality and constitutes health hazards to households.
Furthermore, the occurrence of heterotrophic bacteria associating with cyanobacteria in these reservoirs may also affect the water quality and form biofilms, which provide protection of the organisms inside them from the effects of disinfectants (Berry et al. ). Therefore, domestic water storage reservoirs should be regularly monitored for the presence of toxic cyanobacteria and their cyanotoxins. The households and consumers should be educated on the physical appearance of water and the actions to be taken during biofilm and scum occurrence. It is also recommended that the amount of chlorine added to domestic reservoir waters to be adjusted to a level that will protect water quality during storage.
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